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Abstract 
In this study, 10 Cantonese-speaking children, aged from 4;03 to 6;07, who produced 
backing (e.g. /th/ → [kh]) (Group B) were compared to 10, age-matched normally 
developing Cantonese-speaking children with no speech disorder (Group N) for their 
perception of /thnu4/ and /khnu4/. Identification was tested along an eight-step /th-kh/ 
continuum. Results showed that most of the normally developing children with no 
speech disorder were able to phonemically identify the stimuli into /th/ and /kh/ 
categories. However, all of the children with backing performed at chance levels, 
appearing unable distinguish phonemes /th/ from /kh/. This indicated that the children 
with backing have a perceptual deficit of /th/ and /kh/. It is concluded that there is a 
positive relationship between perception and production in children with phonological 
errors.  
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Relationship between speech perception and production 
Many of studies have attempted to investigate the relationship between auditory 
perception and production in children with speech disorder. However, they did not 
yield consistent findings. Some of the studies have indicated a positive relationship 
between perceptual deficit and the production problems (Cohen & Diehl, 1963; 
Kronvall & Diehl, 1954; Weiner, 1967) while other studies indicated that there is no 
true relationship between perception and production (Mange, 1960; Prins, 1963).  
Among those studies showing there is a relationship between perception and 
production, there were different views on the direction of the relationship. Some 
claimed that the perception precedes production in development. For example, studies 
of early perception and production skills in infants showed that infants can 
discriminate acoustic contrasts of voicing, place and manner far before they can 
produce the contrast (Eilers, 1980; Eilers & Oller, 1976). Also, the study by Broen, 
Strange, Doyle and Heller (1983) showed articulation-delayed children showed poorer 
performance in identifying /r/ and /w/ but both normally articulation and 
articulation-delayed children produced /r/ as [w]. Moreover, Barton (1976, reported in 
Strange and Broen, 1980), children who were unable to differentiate the contrasts 
/r/-/l/ and /w/-/r/ in production were able to differentiate the contrasts in perception. 
These findings suggest that the development of perception of contrasts is in advance 
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of production ability. 
Other studies have taken the opposite position, of perception precedes 
production, indicating that productive skills would shape perception skills. Williams 
and McReynolds (1975) found that production training improved the discrimination 
ability of the participants, but discrimination training did not influence their 
production abilities. Hoffman, Daniloff, Bengoa, and Schuckers (1985) suggested that 
perceptual ability may be facilitated by production ability. Thus, the production 
defects of the children lead to their failure to utilize the acoustic cue to aid their 
phonemic identification. The motor theory (Liberman, Cooper, Shankweiler, & 
Studdert-Kennedy, 1967) also supports the assumption that perception is mediated by 
production. Monnin and Huntington (1974) found that children who have 
phonological difficulties were unable to identify those sounds which they have 
produced incorrectly. The examiners in the study observed that many subjects have 
given verbal responses in addition to the nonverbal responses (pointing to pictures) in 
the identification test. It seemed that the subjects needed verbalization to assist their 
identification. This finding suggested that participants’ perception was mediated by 
their production. Also, Shvachkin (1973) claimed that productive skills would 
facilitate perception ones. He found that the sounds that children have not acquired 
were discriminated later than those sounds that children have mastered the production.  
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Many studies have been done on the identification ability of children with 
articulatory defects without known organic cause (Broen al. 1983; Hoffman et al. 
1985; Monnin & Huntington, 1974; Strange & Broen, 1980). It has been well 
documented that children with articulatory defects without known organic cause often 
have perceptual deficit of the targets which they have articulatory errors. Thus, a 
positive relationship between the consonant perception and production deficits was 
demonstrated (Broen & Strange, 1983; Hoffman et al. 1985; Monnin & Huntington, 
1974; Morgan, 1984; Weiner, 1967). 
Apart from studies on children with articulatory defects without known organic 
cause, studies on children with articulatory defects with known organic cause have 
also provided insight into the relationship between the perception and production. A 
study conducted with children with cleft palate (Ching, 2001; Whitehill, Francis & 
Ching, 2003) showed that children with repaired cleft palate and posterior placement 
i.e. /th/ → [kh] failed to show discrete perceptual categorization of /th/ and /kh/. Beside 
children with cleft palate, children with developmental apraxia of speech (DAS) also 
demonstrated poor perception of vowels (Maassen, Groene & Crul, 2003), place of 
articulation (Groenen, Crul, Maassen & Thoonen, 1996) and voice onset time 
(Hout-Dalgaard, Murray & Kopp, 1983). The results of these studies suggest that 
there is a positive relationship between the speech perception deficit and production 
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errors with known organic cause, and production deficits often co-occur with the 
perception deficits. 
There have been no previous studies focusing on the perceptual ability of 
Cantonese-speaking children with articulatory defects without known organic cause. 
Therefore, the present investigation sought to examine the relationship between 
perception and production in Cantonese-speaking children with articulatory defects 
without known organic cause.  
There have been a number of studies focusing on the perception ability of 
children with articulatory defects speaking other languages. For example, some 
English-speaking children producing /r/ as [w] had perceptual deficits on /r/ and /w/ 
(Hoffman et al., 1985). However, the findings of these studies were not consistent. 
The inconsistency of the findings may be due to some factors affecting the 
methodology, i.e. heterogeneous group included and the type of perceptual tasks used. 
The subjects in experimental group in some studies displayed a range of articulation 
disorders including phoneme substitution and sound omission but there their 
articulation errors were inconsistent among subjects. Thus, the children in these 
studies did not form a homogeneous group. In contrast, all the subjects in the 
experimental group in Ching (2001) demonstrated posterior placement (e.g. /th/ → /kh/) 
and they were screened to ensure that they have no hearing, language and intellectual 
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impairment that would affect their identification ability. This minimized the individual 
differences among subjects and attempted to form a homogenous group. The 
methodology used by Ching (2001) was used in the present study to overcome the 
methodological problems encountered in the previous studies.  
The task used to investigate the perceptual ability of the participants would 
cause variability in results (Thibodeau & Sussman, 1979). In a discrimination task, a 
same/different judgment of minimal pair is used. It only involves a comparative 
judgment and children’s ability to perceive the phonemes and classify the phoneme 
into phonemic categories correctly cannot be determined (Monnin & Huntington, 
1974). Also, according to Rvachew and Jamieson (1989), children with phonological 
errors demonstrated perceptual deficits that are specific to their phonological errors. 
Thus, a speech discrimination task is unable to detect this specific perceptual 
difficulty. In contrast, a speech identification task requires children to select pictures 
of one of the minimal pairs of words presented. In this case, children have to access 
internal phonological representations of the words (Howell & Dean, 1994). Thus, an 
identification task allows for the investigation of the specific perceptual deficit of 
children with phonological errors as they have to compare the presented stimulus with 
their internal phonological representations (Strange & Broen, 1980). Identification 
task can also test categorical perception. In categorical perception, stimuli are 
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perceived as belonging to two discrete categories. Thus, through the use of an 
identification task, whether there is a boundary between two categories and the 
location of the boundary can be shown. The same categorical perception task used in 
Ching (2001) was used in this study in order to compare the performance of normally 
developing Cantonese-speaking children with speech disorder and children with 
backing in distinguishing /th/ and /kh/ along the eight-step /th-kh/ continuum. The 
present study sought to determine if Cantonese-speaking children with a specific 
phonological disorder (backing of alveolar stops) have perceptual deficit. 
The purpose of the present study was to investigate the perception of /th/ and 
/kh/ by Cantonese-speaking children with backing (e.g. /th/→[kh]). The study 
attempted to answer the following research question:  
Do Cantonese-speaking children with backing (e.g. /th/→[kh]) make 
significantly more errors on a speech identification task involving /th/ and /kh/ than 
normally developing children with no speech disorders?  
It was hypothesized that children who produce backing of alveolar targets e.g. 
/th/→[kh] would have difficulty identifying /th/ and /kh/. 
Methodology 
Participants 
Two groups of subjects participated in this experiment. Subjects were matched 
 9
according to age across the two groups. There was one experimental group of subjects 
with backing and one control group of normally developing children with no speech 
disorder. 
(1) Group B consisted of ten children (mean age = 5;02, range = 4;03-6;07) who 
demonstrated the backing of alveolar targets. Participants in this group were recruited 
from the ENT Department of Yau Ma Tei Specialist Clinic Extension of Queen 
Elizabeth Hospital and in the case of one subject (B2), a normal kindergarten in Hong 
Kong. The inclusion criteria were: (a) native Cantonese speaker; (b) no hearing 
impairment; (c) according to reports by speech therapists and parents, they did not 
have autism, mental handicap, language or learning problems. In addition, subjects in 
Group B were identified as having backing in their production of the Cantonese 
alveolar consonants, e.g. /t/, /th/, /l/, /ts/ and /tsh/.  
(2) Group N consisted of ten normally developing Cantonese-speaking children with 
no speech disorder matched in age to the subjects in Group B (mean age = 5;02, range 
= 4;03-6;06), selected from the local community. All the subjects in this group were 
within one to two months of the corresponding subjects in Group N. As reported by 
their parents, none of these children had a history of speech, language, learning or 
hearing problems. The individual characteristics of the children in Groups B and N 
are shown in Appendix B.  
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Screening Procedures 
All participants first had a hearing screening to determine if they demonstrated 
auditory acuity within normal limits bilaterally as determined by pure-tone screening 
at 20dB HTL from 250Hz to 4000 Hz (ISO, 1995). Children whose normal hearing 
was within normal limits were then tested using the first part of the Cantonese 
Segmental Phonology Test (CSPT; So, 1993) to determine their phonological status. A 
forty-eight word “deep test” (see Appendix A) was administered next to determine 
whether children produced backing of the alveolar targets /t/, /th/, /ts/, /tsh/, /l/ and /s/. 
The target stimuli of “deep test” were the same as those used in the study of children 
with cleft palate (Ching, 2001; Whitehill, Francis & Ching, 2003) except the target 
/thim4/ “sweet” was changed to /thin1/ “sky” due to its abstractness. Additional velar 
targets /k/ and /kh/ were included in the deep test in the present study in order to 
investigate if the children who produced backing of alveolar targets also had difficulty 
with the velar targets /k/ and /kh/.  
All the speech productions by the subjects obtained in the CSPT and the deep 
test were first transcribed live by the tester and their productions were recorded using 
a Sony portable Minidisk recorder MZ-R909 and an AIWA Type CM-TS22 
unidirectional microphone, positioned at a mouth-microphone distance of about 10 
cm, to determine the inter-rater reliability. The initial consonants, vowels, final 
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consonants and tones produced by the participants were narrowly transcribed, using 
International Phonetic Alphabet, by another student speech therapist of the Division of 
Speech and Hearing Sciences of the University of Hong Kong. Inter-rater reliability 
was calculated by dividing the number of agreements by the total number of 
agreements plus disagreements. The inter-rater reliability was 96% (6852/7000). The 
speech samples were transcribed by the tester again in order to determine the 
intra-rater reliability. Intra-rater reliability was 98% (6757/7000). The main 
production errors of children in Group B are shown in Appendix C. The control 
subjects did not have any speech errors on the CSPT and the deep test.  
Stimuli 
The stimuli used in the perceptual task were identical to those used in Ching’s 
2001 study. A CV syllable frame of 450 ms duration with /nu/ as the vowel nucleus 
in tone 4 (low falling) was used in an eight-step continuum ranged from Cantonese 
/thnu4/ “head” to /khnu4/ “ball”. These two words were chosen as they were within 
the vocabularies of young children. The words /thnu4/ and /khnu4/ were produced by 
a twenty three-year-old male native Cantonese speaker. Two good /thnu4/ and /khnu4/ 
syllables were then synthesized by using cascade branch of a Klatt-style formant 
synthesizer (Klatt, 1980). The two syllables were used as the endpoints of the 
eight-step continuum varying in the onset frequency of F3 in perceptually equal steps 
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from /thnu4/ to /khnu4/. The stimulus parameters of the synthetic stimuli along /th-kh/ 
continuum are shown in Appendix D. 
Procedures 
The same procedure used in the study by Ching (2001) was used in the present 
study. The perceptual testing was carried out immediately after the hearing and 
articulation screening procedures finished. For subjects in Group B, the screening and 
experimental tasks took place in a quiet clinic room in the Yau Ma Tei Specialist 
Extension Clinic. For Group N, the tasks took place at the homes of the subjects. 
Stimuli were played to subjects via a HyperCard stack running on a Macintosh iBook 
A1005 using Sennheiser HD 545 headphones.  
In the identification task, a two-alternative forced choice procedure was used to 
assess the subject’s abilities to identify the stimuli. Each subject was tested with 11 
blocks of trials where each block consisted of eight test stimuli along the continuum 
between /thnu4/ to /khnu4/, with 88 trials in total. The eight trials for each block of 
the test stimuli were presented once in a random order. The first block served as a 
practice block in order to allow the subjects to be familiarized with the procedure 
(Monnin & Huntington, 1974). The subjects were not aware of this at that time. There 
were two pictures on the computer screen, a “ball” and a “head”, which represented 
the stimuli /thnu4/ and /khnu4/, respectively. Each child was instructed to click on 
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one of the two pictures when they hear the stimuli in each trial.  
Data analysis 
For each subject, the numbers of /kh/ responses for each of the stimuli in the 
continuum were plotted to yield an identification function. The individual 
identifications of each participant in the two groups were plotted. For each group, the 
mean numbers of /kh/ responses for each of the stimuli in the continuum were 
obtained by averaging the individual identification values across all the subjects 
within each group. The identification functions of each group were also plotted.  
Results 
The number of /khnu4/ responses of the eight stimuli in the /th-kh/ continuum 
was determined to obtain the identification function for each subject. The mean 
identification functions for the two groups of subjects were also determined and 
displayed in Figure 1. The standard errors of each stimulus in Group N and Group B 
were also computed and the error bars are shown in Figure 1. 
The identification function for the normally developing children with no speech 
disorder (Group N) showed that they were able to identify the stimuli in the 
continuum from /thnu4/ to /khnu4/ more consistently than children with backing 
(Group B). According to Repp and Liberman (1987), the phonemic boundary of a 
group is at the point corresponding to 50% of responses in the identification function. 
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The group boundary of Group N, where 50% of /kh/ responses occurred, fell between 
the Stimuli 4 and 5. Generally, children in control group perceived Stimulus 1 as /th/ 
responses as they made a mean of about 3 /th/ responses out of 10 responses for 
Stimulus 1. They perceived Stimuli 6-8 as /kh/ responses as they made a mean of 7 or 
more /kh/ responses out of 10 for these three stimuli.  
In contrast, children with backing (Group B) identified a mean of only 4 to 5 
responses as /kh/ for all the eight stimuli along the continuum. The relatively flat 
identification function suggested that children with backing were performing at 
near-chance level and they were not able to distinguish the stimuli along the /th-kh/ 
continuum into two distinct categories.  
The difference in the identification functions of Groups B and N was supported 
statistically. The data for each stimulus in both groups were entered into a one-way 
analysis of variance, between groups, with stimulus values as the factor. The results 
indicated that the mean values of Stimulus 1 (F(1,18) = 11.3, p = 0.003); Stimulus 3 
(F(1,18) = 4.6, p = 0.047); Stimulus 6 (F(1,18) = 4.457, p = 0.049); Stimulus 7 (F 
(1,18) = 9.506, p = 0.006) and Stimulus 8 (F (1,18) = 11.547, p = 0.003) between 
Groups B and N were statistically different from each other. The mean value of 
Stimulus 2 is not statistically different between two groups was due to the great 
variability of the values in Group N. The flatter identification function of Group B 
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suggested that children with backing, as expected, were unable to identify the eight 
stimuli consistently. One way repeated-measures analysis of variance showed that the 
means of the stimulus values within Group B were not statistically different from each 
other, F(7, 63) = 0.56, p = 0.78. Post hoc (Tukey’s honestly significant difference) 
analysis further showed there is no significant difference in the number of /kh/ 
responses between any pairs of the stimuli and even between Stimuli 1 and 4 (p = 
0.99) as well as between Stimuli 4 and 8 (p = 0.88).   
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FIGURE 1. Mean number of /kh/ responses to eight synthetic stimuli along the /th-kh/ 
continuum by children with backing (Group B) and normally developing children 
with no speech disorder (Group N). Error bars indicate the standard error of each 
stimulus.  
The individual identification functions of each participant in Groups B and N 
are shown in Figure 2 and Figure 3 respectively. The identification functions for each 
subject in control group show that 5 of 10 children (N4, N5, N7, N9 and N10) in 
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Group N were able to identify the stimuli along the /th-kh/ continuum into two distinct 
categories. However, in Group B, none of the children were able to perceive two 
distinct categories.  
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FIGURE 2. Individual number of /kh/ response to eight stimuli synthetic stimuli along 
/th-kh/ continuum by children with backing (Group B) 
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FIGURE 3. Individual number of /kh/ response to eight stimuli synthetic stimuli along 
/th-kh/ continuum by normally developing children with no speech disorder (Group B) 
 
Since children in Group B showed a flatter identification function in Figure 1, it 
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is assumed that they showed similar responses to the identifications of Stimuli 1 and 8. 
To explore this assumption, individual subject’s identification patterns in the two 
groups for each stimulus at above chance level (7 of 10) as either /th/ or /kh/ are shown 
in Table 1 and Table 2 respectively. 
Table 1. Phonemic identification of each stimulus by each participant in the control 
group (Group N). Criterion for identification was 7 of 10 responses 
Subjects Stimulus number 
 
 1 2 3 4 5 6 7 8 
N1 kh - kh kh kh - - kh 
N2 th kh - kh th - - - 
N3 - - - th - kh - kh 
N4 th th th th kh kh kh kh 
N5 th th - th kh kh kh kh 
N6 th kh kh - - kh kh kh 
N7 th th th th - - kh kh 
N8 - - - - kh kh kh kh 
N9 th - th - - kh kh kh 
N10 th th th th kh kh kh kh 
Note. N = Normally developing children with no speech disorder; [-] = stimulus was 
identified at chance level (i.e. 4, 5 or 6 responses of 10). The bold responses represent 
the apparent boundary (between /th/ and /kh/) for the subject. 
Table 1 shows the identification patterns for each of the participants in Group N. 
Five of ten children (i.e. N4, N5, N9, and N10) in this group were able to 
phonemically distinguish the stimuli into two distinct categories. Generally, these five 
children identified Stimuli 1 to 4 as /th/ and Stimuli 5 to 8 as /kh/ as they were able to 
identify at least 7 responses as /th/ or /kh/ out of 10. They showed a chance response in 
identifying Stimuli 4-6 as they were able to only identify 4, 5, or 6 of 10 responses. 
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The phonemic boundary between the /th/ and /kh/ areas varied from between Stimuli 4 
and 5 to Stimulus 6. However, another five children in this group were unable to show 
a distinct categorization of the stimuli along the /th-kh/ continuum. N2 was unable to 
unable to identify two distinct categories. N3 was able to show a phoneme boundary 
between /th/ and /kh/ responses but he identified the stimuli at end points of the 
continuum at chance levels. N6 only identified Stimulus 1 as /th/ and identified 
Stimuli 2 to 8 as /kh/. The phonemic boundary he identified is located between 1 and 2 
and it is the leftest in the group. N1 and N8 were only able to identify one phonemic 
area, i.e. the /kh/ area but N8 were able to identify Stimuli 5 to 8 as /kh/ responses 
whereas N2 identified all the stimuli along the continuum as /kh/ responses. 
Table 2. Phonemic identification of each stimulus by each child in the group of 
children with backing (Group B). Criterion for identification was 7 of 10 responses 
Subjects Stimulus number 
 
  1 2 3 4 5 6 7 8 
B1 - - - kh th - - kh 
B2 kh kh kh kh kh kh kh kh 
B3 th - kh - kh - - th 
B4 th - - th th th - - 
B5 - - - th - - th - 
B6 - - kh - kh th - - 
B7 - - - th - kh - kh 
B8 - th th th th - - - 
B9 - - - - - - th - 
B10 th - th th - - kh - 
Note. B = Children with backing; [-] = stimulus was identified at chance level (i.e. 4, 
5 or 6 responses of 10). The bold responses represent the apparent boundary (between 
/th/ and /kh/) for the subject 
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Table 2 shows the individual identification patterns for the Group B children. 
All the children in this group were unable to show a discrete categorization between 
/th/ and /kh/ and identified most stimuli at chance levels. Two children in this group 
(B7 and B10) were able to show a phoneme boundary between the /th/ and /kh/ 
responses but they showed chance responses at end points of the continuum. Some of 
the children (i.e. B4, B5, B8 and B9) showed identification of only phonemic area i.e. 
/th/. In contrast, B2 showed a strong preference in choosing /kh/ responses in the 
identification of stimuli.  
 
 
 
 
 
 
 
 
 
 
 
 20
Discussion 
This purpose of this study was to investigate the relationship between speech 
production and perception by comparing the perception ability of /th/ and /kh/ along a 
/th-kh/ continuum of Cantonese-speaking children with backing and age-matched 
normally developing children with no speech disorder. In summary, the following 
observations can be made: 
(1) Children with backing appeared to manifest a perceptual deficit as their 
identification function for the stimuli along the continuum from /thnu4/ to /khnu4/ 
indicated that they showed less discrete categorization of the stimuli into /th/ and /kh/ 
phonemes than normally developing children with no speech disorder.  
(2) Among the children with backing, the majority of them demonstrated apparent 
chance-level response in phonemically classifying /th/ and /kh/ phonemes into 
categories and unable show a phoneme boundary between these two responses.  
(3) Although the group of children with backing was significantly poorer than 
normally developing children with no speech disorder, two of the children (B7 and 
B10) performed comparably to normal subjects as they were unable to show a 
phoneme boundary between the /th/ and /kh/ responses although they performed at 
chance levels at end points of the continuum.  
(4) There is individual difference in the performance of the normally developing 
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children with no speech disorder, with younger children showed less consistently 
perception ability in phonemically classifying /th/ and /kh/ phonemes into categories 
than the older children.  
The results of this study are generally consistent with studies by Broen et al. 
(1983) Groenen et al. (1998), and Hoffman et al. (1985). In Broen et al. (1983), 
normally articulating children were more accurate in their perception of three 
approximate contrasts, /w-r/, /w-l/ and /r-l/, than children who neutralized the /w-l/ 
contrast. Groenen et al. (1998) found that children with articulation problems 
demonstrated poor phonetic processing along the /p-t/ continuum. In Hoffman et al. 
(1985), most of the misarticulating children demonstrated poorer identification of 
stimuli along an /r-w/ continuum than normally developing children with no speech 
disorder. 
The results of this study suggest that the age of the subjects may have an effect 
on the perception ability. Ching (2001) showed that all ten normally developing 
Cantonese-speaking children aged from four to twelve years old were able to 
phonemically distinguish /th/ and /kh/ responses consistently and reliably. The present 
study involved control subjects aged from four to six years old. Five of the ten 
children in Group N were unable to phonemically distinguish /th/ and /kh/ responses 
consistently and reliably and three of these children (N1, N2 and N3) were the 
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youngest subjects in the group (they were younger than five years old). This result is 
consistent with the findings of Ohde and Shard (1988) that the difference in stimulus 
categorization was influenced by the age of the subjects. It have been documented that 
there is a developmental trend in the speech perception (Bernstein, 1983; Bernstein & 
Stark, 1985; Shvachkin, 1973). Shvachkin (1973) found that there were totally twelve 
stages of the development of phonemic speech perception in early childhood of 
Russian children. The early phonemic categories were broad and general. For example, 
at Stage one, the first distinction developed by the children was between /a/ and other 
vowels. Later, the more phonemic distinctions developed, the narrower the 
distinctions became. It was at Stage nine where the distinction of pre- and post-lingual 
consonants, i.e. /d/ and /g/, appeared. It was also found that some Russian children in 
the study have completed the twelve stages of development of phonemic distinction 
by the age of two years old. Since there is no previous study focusing on the stages of 
development of phonemic perception of Cantonese-speaking children, it is not known 
about the age of the acquisition of the phonemic perception between the alveolar and 
velar targets (i.e. /th/ and /kh/). It is possible that the perceptual errors of subjects in 
Group N are the developmental perceptual error. The relatively better performance of 
the older children in control group could be due to other factors including longer 
attention span, increased hearing acuity and improved ability to cope with the task 
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(Morgan, 1984). Also, as observed by the tester, N2 was very sleepy when performing 
the identification task. This greatly affected the validity of the result of the 
identification task.                                              
Among the children with backing, some interesting findings were observed. 
One of the children (B2) showed a strong preference in choosing /kh/ responses in the 
identification of stimuli along the /th-kh/ continuum. Accoding to Rvachew and 
Jamieson (1989), uncertainty about a perceptual stimulus would lead to random 
labeling or response bias. In this case, the subject clearly had a response bias for /kh/. 
However, some of the children in Group B (i.e. B4, B5, B8 and B9) showed 
identification of only /th/ responses. Although they produced backing of /th/ as [kh], 
they were not in favour of the substituted sound /kh/. This was inconsistent with the 
findings of Ching’s study (2001), in which the subjects with repaired cleft palate and 
posterior placement tended to be biased towards /kh/ responses. 
Since all of children with backing demonstration perceptual deficit related to 
their production errors of /th/ and /kh/, the present study shows there is a positive 
relationship between speech perception and production. However, this study did not 
allow for investigation into the direction of the relationship between speech 
perception and production. Regarding the direction of the relationship between 
perception and production, Whitehill et al. (2003) has summarized three hypotheses, 
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which are “production errors may lead to perceptual deficits related to place of 
articulation, perceptual deficits may lead to production errors, or some underlying 
deficits accounts for both the perception and the production problems” (p. 459). 
Although this study did not allow for investigation into the direction of the 
relationship between perception and production, it shows that there is co-occurrence 
of perceptual deficit and production deficit related to place of articulation a.  
In summary, the present study demonstrated that all Cantonese-speaking 
children with backing were unable to identify the stimuli along an eight-step /th-kh/ 
continuum into /th/ and /kh/ categories. In contrast, some age-matched normally 
children with no speech disorder were able to categorize the stimuli along the 
continuum as /th/ and /kh/ responses. The result of this study suggested that children 
with phonological disorder present with perceptual deficits that are related to their 
production errors. 
There were different views on the effectiveness of the identification and 
production training in the therapy programme of children with phonological disorders. 
Williams and McReynolds (1975) claimed that production training only was effective 
in improving both phonological and identification ability. However, it is discrepant 
with Wolfe, Presley and Measaris (2003), who claimed that for speech sounds that 
were poorly identified prior to treatment, “mixed training with concurrent production 
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and sound identification training” (p. 282) has resulted in greatest progress. These two 
studies differ were because the pre-training identification ability was not taken into 
consideration in Williams and Reynolds (1975). In Wolfe et al. (2003), when the 
pre-training identification ability were not considered, there was no significant 
difference in the production between the concurrent production and identification 
training and production-only training. However, for those speech sounds that were 
poorly identified prior to treatment, there was a significantly greater improvement in 
the production following mixed training with production and identification than 
production-only training. This finding suggests that for poorly identified speech 
sounds prior to treatment, training on only production is insufficient in the 
phonological intervention of children with phonological errors. Thus, a pre-treatment 
identification assessment on the phonemes that children have phonological errors is 
useful to determine the most effective components (mixed training with concurrent 
identification and production or production-only training) in the phonological 
intervention programme (Wolfe et al., 2003).  
Further research is required to study the perceptual ability of children with 
phonological disorders on the contrasts of other minimal pairs that are specific to their 
production errors as these children usually have more than one phonological 
processes. Investigations on their perceptual ability on the contrasts of other minimal 
 26
pairs can allow us to know if their perceptual deficits are specific or general deficits. 
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Appendix A 
 
The forty-eight target stimuli for the “deep test” 
 
Stimulus Chinese English 
Meaning 
Phonetic 
transcription 
1 地 Floor tei6 
2 刀 Knife tou1 
3 踢 Kick th(k2 
4 碟 Plate tip6 
5 電話 Telephone tin6 wa6 
6 蝴蝶 Butterfly wu4 tip6 
7 T Letter T thi1 
8 頭 Head thnu4 
9 糖 Candy tho14 
10 天 Sky thin1 
11 兔 Rabbit thou3 tsni6 
12 滑梯 Slide wat6 thni1 
13 遮 Umbrella ts(1 
14 袖 Sleeve tsnu6 
15 粥 Congee tsuk1 
16 汁 Juice tsnp1 
17 枕頭 Pillow tsnm2 thnu4 
18 筷子 Chopsticks fai2 tsi2 
19 車 Car tsh(1 
20 草 Grass tshou2 
21 賊 Robber tshak6 
22 7 Seven tshnt1 
23 廚房 Kitchen tshy4 fo16 
24 間尺 Ruler kan3 tsh(k2 
25 蛇 Snake s(4 
26 梳 Comb so1 
27 錫 Kiss s(k2 
28 衫 Shirt sam1 
29 洗面 Wash face sni2 min6 
30 巴士 Bus pa1si2 
31 梨 Pear lei5 
32 籮 Basket lo1 
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33 6 Six luk6 
34 蠟 Candle lap6 
35 落雨 Rain lok6 jy5 
36 行雷 Thunderstorm ha14 l¥y 
37 劍 Sword kim3 
38 鏡 Mirror k(ŋ3 
39 鼓 Drum ku5 
40 腳 Feet k¥k2 
41 鉸剪 Scissors kau3 tsin2 
42 飛機 Aircraft fei1 kei1 
43 琴 Piano khnm4 
44 橋 Bridge khiu4 
45 企 Stand kei5 
46 咳 Cough khnt1 
47 曲奇 Cookies khuk1 khei4 
48 足球 Soccer tsuk1 khau4 
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Appendix B 
 
Table 1. Individual characteristics of children with backing (Group B) 
 
Subject: 
 
Age/Sex: Therapy status 
B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B6 
B10 
4;03/M 
4;06/M 
4;06/M 
4;11/M 
5;00/M 
5;03/M 
5;07/F 
5;10/M 
6;00/F 
6;07/M 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
 
 
Table 2. Individual characteristics of normally developing children with no 
speech disorder (Group N) 
 
Subject: 
 
Age/Sex: 
N1 
N2 
N3 
N4 
N5 
N6 
N7 
N8 
N6 
N10 
4;03/M 
4:06/M 
4;06/M 
4;11/M 
5;01/M 
5;02/M 
5;06/F 
5;08/M 
6;01/F 
6;06/M 
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Appendix C 
 
Details of the production errors of children with backing (Group B) 
 
Subject: Target (word initial): Realizations: Incidence: 
B1 
 
 
 
 
/t/ 
/th/ 
/ts/ 
/tsh/ 
/s/ 
[k] 
[kh] 
[k] 
[kh] 
[h] 
7/7 
6/10 
12/12 
4/7 
1/10 
B2 
 
 
 
 
 
 
/f/ 
/f/ 
/t/ 
/th/ 
/ts/ 
/k/ 
/kh/ 
[t] 
[k] 
[k] 
[k] 
[k] 
[t] 
[t] 
1/5 
2/5 
3/7 
10/10 
2/12 
1/6 
3/8 
                 Also produced stopping and affrication 
B3 
 
 
 
 
 
 
/t/ 
/th/ 
/ts/ 
/s/ 
/l/ 
/k/ 
/kh/ 
[k] 
[kh] 
[k] 
[k] 
[j] 
[t] 
[th] 
2/7 
6/10 
6/12 
6/10 
2/7 
3/6 
1/8 
 Also produced dentalization of /ts/ and /s/ 
B4 
 
 
 
 
 
 
 
/f/ 
/f/ 
/t/ 
/th/ 
/ts/ 
/tsh/ 
/s/ 
/l/ 
[kw] 
[k] 
[k] 
[kh] 
[k] 
[kh] 
[k] 
[j] 
1/5 
3/5 
5/7 
2/10 
4/12 
4/7 
2/10 
1/7 
 also produced lateralization of /s/ 
B5 
 
 
 
 
 
 
/t/ 
/th/ 
/ts/ 
/tsh/ 
/s/ 
/l/ 
/kw/ 
[k] 
[kh] 
[k] 
[kh] 
[k] 
[k] 
[w] 
5/7 
8/10 
10/12 
5/7 
6/10 
2/7 
3/4 
B6 
 
 
 
 
/t/ 
/th/ 
/ts/ 
/tsh/ 
/s/ 
[k] 
[kh] 
[k] 
[k] 
[k] 
7/7 
6/10 
11/12 
7/7 
6/6 
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also produced /h/-deletion and deaspiration 
B7 
 
 
 
/t/ 
/th/ 
/k/ 
/kh/ 
[k] 
[kh] 
[t] 
[th] 
2/7 
5/10 
1/6 
1/8 
 also produced stopping 
B8 
 
 
/t/ 
/th/ 
/l/ 
[k] 
[kh] 
[j] 
6/7 
10/10 
6/7 
B6 
 
 
/t/ 
/th/ 
/ts/ 
/tsh/ 
/l/ 
[k] 
[kh] 
[k] 
[kh] 
[j] 
5/7 
4/10 
5/12 
4//7 
7/7 
 also produced affrication and stopping 
B10 /t/ 
/th/ 
/ts/ 
/tsh/ 
/l/ 
/k/ 
[k] 
[kh] 
[k] 
[kh] 
[j] 
[t] 
4/7 
8/10 
10/12 
4/7 
4/7 
2/6 
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Appendix D 
 
Stimulus parameters of the synthetic stimuli of /th-kh/ continuum: 
 
F0, F1, F2 and F4 were the same for all stimuli and F5 was held constant for right 
stimuli.  
F0 – started at 00 Hz, stayed level until 65 msec, fell linearly to 68 Hz by 125 msec, 
then to 80 Hz by 425 msec, then to 75 Hz finally. 
F1 – started at 487 Hz, fell linearly to 703 in 65 msec, level to 165 msec, fell to 426 
Hz by 237 msec, remained level until end.  
F2 – started at 1760 Hz, fell linearly to 1434 by 66 msec, stayed level to 113 msec, 
fell linearly to 77 by 243 msec, remained level until end.  
F4 – began at 4303 Hz, fell linearly to 3338 by 342 msec, remained level until end.  
F5 – levelled at 4561 Hz. 
 
AH – began at 80 dB, fell linearly to 77 by 13 msec, rose linearly to 78 by 65 msec, 
fell 0 dB by 68 msec.  
AV – began at 0 dB, stayed level until 70 msec, rose linearly to 60 dB by 60 msec, to 
63 dB by 63 msec, to 64 dB by 100 msec, stayed level until 130 msec, fell to 62 dB 
by 155 msec, 56 dB by 214 msec, level to 272 msec, fell to 56 dB by 250 msec, 51 dB 
by 412 msec, to 34 dB at end.  
 
F3 onset varied along the /th-kh/ continuum, fell or rose linearly to 2374 at 67 msec. 
From 67 msec rose linearly to 2700 Hz at 340 msec, then levelled to end. 
 
F3 onset frequency for each stimulus 
 
Stimulus Onset frequency (Hz) 
1 
2 
3 
4 
5 
6 
7 
8 
3106.00 
2661.56 
2816.86 
2683.67 
2552.73 
2426.85 
2305.84 
2186.51 
Stimuli were prepared by Dr. A.L. Francis and are reprinted here from Ching, C.K-Y. 
(2001). Perception of /th/ and /kh/ by children with cleft palate with and without 
posterior placement. Unpublished bachelor’s dissertation. Hong Kong: University of 
Hong Kong, Department of Speech and Hearing Sciences. Appendix D.  
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